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Abstract
Study Design: The following is a narrative discussion of bundled payments in spine surgery.
Objective: The cost of healthcare in the United States has continued to increase. To lower the cost of healthcare, reimbursement
models are being investigated as potential cost saving interventions by driving incentives and quality improvement in fields such
a spine surgery.
Methods: Narrative overview of literature pertaining to bundled payments in spine surgery synthesizing findings from
computerized databases and authoritative texts.
Results: Spine surgery is challenging to define payment modes because of high cost variability and surgical decision-making
nuances. While implementing bundled care payments in spine surgery, it is important to understand concepts such as value-based
purchasing, episodes of care, prospective versus retrospective payment models, one versus two-sided risk, risk adjustment, and
outlier protection. Strategies for implementation underscore the importance of risk stratification and modeling, adoption of
evidence based clinical pathways, and data collection and dissemination. While bundled care models have been successfully
implemented, challenges facing institutions adopting bundled care payment models include financial stressors during adoption of
the model, distribution of risks, incentivization of treating only low risk patients, and nuanced variation in procedures leading to
variation in costs.
Conclusion: An alternative for fee for service payments, bundled care payments may lead to higher cost savings and surgeon
accountability in a patient’s care.
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Introduction
The cost of healthcare in the United State as measured by the
percentage of the Gross Domestic Product spent has consis-
tently grown since the early 1960’s.1,2 Recently observed con-
tributing factors of this growth include aging populations and
work forces, advances in medical technology, income growth,
and increases in population coverage.3 As a result, pressure is
mounting to reform the system to deliver better care for a lower
cost. The fee for service model of payment, which was the
traditional payment model, rewarded doctors on a volume of
work basis. While volume-based payments were once the stan-
dard for healthcare in the United States, there is growing con-
cern surrounding the sustainability of growing healthcare costs.
Furthermore, there is little evidence that the high cost of health-
care in the US delivers high value compared to other modern
industrial countries.4,5 Bundled payment models shift payment
from volume to value in an effort to slow costs and improve
quality of care. In general, bundled payment models have
shown success during implementation in countries such as the
United States, Taiwan, Denmark, England, Netherlands, New
Zealand, Portugal, and Sweden. Of 32 studies evaluating
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medical spending in bundled payments, 20 showed cost-saving
with varying effects. In addition, this cheaper care is largely
delivered without compromising patient care as only 2 studies
showed detrimental effects on quality of care. In fact, 18 of 32
studies showed an improvement in quality of care delivered.6
Payments pertaining to a surgical procedures conceptually
are easy to create bundled payment models. The characteristics
that lend themselves to bundled payments are definable start
dates, high volume of procedure, high costs of procedure and
related care, and a definable duration of costs related to the
procedure. When examining costs associated with inpatient
spine procedures, it is apparent that currently there is a wide
variation in payments, therefore, payment models for surgery
are a potential target for improvement of cost efficiency and
resource utilization.7 As a result, bundled payments for care
spine surgery episodes, rather than discrete interventions (vol-
ume based payments) have been proposed as a way to drive
quality improvement and outcome based decision making.8
Championing the potential benefits of a bundled payment sys-
tem, joint arthroplasty has served as pilot procedure demon-
strating the cost savings in hospitals adopting this system.9-11
Spine surgery is a high complexity procedure with hetero-
geneous patient populations and poorly defined outcome mea-
sures.12 When examining Medicare data, costs for patients with
lumbar spinal stenosis approaches that of chronic diseases such
as diabetes and cardiovascular disease13 and have seen 3.3 fold
increases over a decade span.14 As a result, the specialty has
also felt the pressure to deliver higher quality care at a lower
cost.15 While the field has worked to advance quality and out-
come measurements through development of large outcome
databases such as N2QOD, SweSpine, and AO Spine,16 there
is still plenty of room for developments in cost efficiency.
Among many other quality improvement interventions, shifting
to value-based care will be an important tool for spine surgeons
moving forward. We aim to provide insight into the key con-
cepts of bundled payment models for spine surgery, implemen-
tation of bundled payments, and barriers to success.
Key Concepts
One of the important drivers of a bundled payment model in
spine surgery is the concept of value-based purchasing. Value
based purchasing (VBP) involves performance-based reimbur-
sement for healthcare. Based on outcome metrics, cost effi-
ciency, or patient satisfaction, the hospital or provider is
incentivized to deliver the highest quality care possible.17 VBP
may be divided into 3 main categories: pay for performance,
accountable care organization, and bundled payments. Mea-
sures used to determine differential payments in bundled mod-
els vary depending on the condition be treated or procedures
required but may include clinical process, patient safety, read-
mission, mortality, length of stay, and total cost of care. Some
programs may or may not tie physician compensation to the
outcome measures, which may either motivate physicians to be
cognizant of extra costs involved in care or discourage them
from treating more complicated or systemically ill patients.
The measures used to assess the value and quality of care
pertain to episodes of care. In spinal surgery, an episode is
often defined as beginning at the time of index hospitalization
and continues for 90 days afterward. During this time, all hos-
pital fees, physician services, home health and outpatient ser-
vices, post-acute facility services, and even readmissions and
treatment related to surgical complications.18 Prior to initiating
bundled repayments for episodes of care, examining claims
data from spinal surgery consistently demonstrates alarming
variability in payments (Figure 1).19,20 These studies found that
the upper quintile mean payment more than doubled the mean
lower quintile payment for the same episode of care. For exam-
ple, in Kahn et al, the first quintile mean cost of episodes for
spine surgery was $9814 while the upper quintile was $52 767.
Standardizing repayment for certain episodes of care with
bundled repayments would drive cost-conscious utilization and
an emphasis on evidence-based practice to improve the value
of care delivered to patients.
Among bundled payment models, there are 2 main subtypes:
prospective and retrospective payment models. Prospective
payment models allow a payer to look ahead to an episode of
care and provide a single, predetermined payment for the epi-
sode. On the other hand, retrospective payments are provided
after care is provided, similarly, to fee for service and are
adjusted to meet the predetermined bundled rate for all services
or treatment of the condition during that time period. Because
of the present cost for the episode (prospective) or services
(retrospective), both systems motivate providers to save costs
when delivering care. The prospective model allows for easier
feedback comparing cost of care to predetermined value. How-
ever, agreeing upon and facilitating a full payment upfront can
be logistically challenging. At times, this may also be less
flexible than retrospective bundling should a new diagnosis
or unexpected need for a service arise. The retrospective bund-
ling would still allow the providers to address the patients need
without fear for repercussions for services not accounted for in
the bundle.
In addition to the different types of repayment, there are also
different types of risk models associated with bundled payment
contracts. In one-sided risk, or “no risk” contracts, the provider
Figure 1. Variability in spine episodes of care payments.12,13
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is rewarded if the episode of care costs less than the value
associated with the diagnosis or condition treatment. In this
way the provider is rewarded with part of the episode’s cost
savings. In two-sided risk, or “at-risk” contracts, the provider
assumes the risk of the episode of care costing too much. In this
way, they can benefit from savings, but will have health reve-
nue penalized if the episode of care costs more than its pre-
determined value. While most providers prefer one-sided risk
contracts, two-sided risk contracts may be more effective in
holding providers accountable for cost efficiency.
Finally, as mentioned earlier spine surgery has extremely
variable costs associated with a single episode of care. This
variability allows the provider to assume a large proportion
of risk. As a result, individualized risk-adjusted prediction
models of payment for spine surgery will become paramount
in identifying individuals who are at high risk of having com-
plications post operatively and requiring higher value of care
than another patient with a similar diagnosis or surgery.20,21
Risk adjustment should not only include patient factors but also
the complexity of the surgical pathology, as many similar pro-
cedures are frequently bundled together by common procedural
code.
Another risk shifted to providers in bundled payments are
outliers. There are patients with comorbidities or other factors
that place them at uncontrollable risk for exceeding the prede-
termined bundle payment. They can on occasion require an
extremely high cost for an episode of care exceeding the 99th
percentile of the population.22 If uncontrolled for, providers
would be punished for outliers out of their control with dispro-
portional cost. To mitigate this risk, outlier protection, or stop-
loss insurance may be used. This is a payment approach in
which after a predetermined cost threshold is crossed, payers
compensate the provider for the fee-for-service of the episode
rather than the negotiated bundle price. A summary of key
terms is provided in Table 1.
Strategies for Implementation
While the push for bundled healthcare services started in 2011
with the Bundled Payments for Healthcare Initiative (BPCI),23
spinal surgery has only recently aggressively started incorpor-
ating these payment methods into the practice. While it is not
standard practice yet, preliminary research has noted increasing
use of bundled payments in spine with promising results.24 A
survey of 43 spine surgeons showed that bundled care imple-
mentation would alter decision making such as more conser-
vative use of allograft rather than autograft, routine
neuromonitoring, and rigid post-operative bracing.25 As pay-
ment models shift toward bundled payments, it is important to
explore strategies that will promote a smooth transition as well
as cost efficiency and outcome-based care.
Given spinal surgery’s wider variability in costs, procedural
nuances, and outcome measures, it is important to lesson from
other implementations of bundled spinal surgery to aid in this
transition. Without understanding successful model integration
BPCI may not lead to decreased episode costs, readmission
rates, or reoperation rates.26 Other systems have emphasized
several principles: risk stratification and modeling, adoption of
evidence based clinical pathways, and data collection and
dissemination.27
As discussed before, spinal patients demonstrate extreme
variations in episode of care cost. Characterizing these patients
through diagnosis related groups (DRG) alone is difficult as
spinal fusions address varying pathologies with individualized
post-operative courses. Within a single DRG, many different
combinations of instrumentation, operative levels, grafts, and
post operative care may be utilized leading to variations in
payments from $80,000 to $253,000.28 Alternatively, if hospi-
tals were to reimburse at the same rate for episodes of care
related to the procedure spinal fusion, patients requiring fusion
for spondylolisthesis have been noted to have lower LOS,
lower hospital costs, less chance of being discharged to an
inpatient facility than vertebral fractures despite being reim-
bursed equal amounts for the encounter.29 In addition to prop-
erly modeling diagnosis related groups and stratifying the
different treatments, it is important to model what individual
patient characteristics will contribute to the cost of an episode
of care. For instance, recent research has explored drivers of
90-day cost variability in lumbar microdiscectomy, anterior
cervical discectomy and fusion for degenerative disease, adult
thoracolumbar spine deformity surgery, and elective lumbar




Performance-based payment strategy linking
financial incentives to defined quality and
cost measures
Episodes of care A set of services provided to treat a clinical
condition or procedure. For spine surgery,




Payer provides individualized payment based
on charges for all services provided during
an episode of care
Prospective payment
models
Payer provides a single, pre-determined
payment for an episode of care, with
no adjustment to care provided for each
individual patient
One-sided risk Provider is rewarded for cost-savings during
an episode of care, but is not penalized for
additional costs
Two-sided risk Provider is rewarded for cost-savings, while
also assuming risk for additional costs,




Identifying those patients at high or low risk
of complication, based on individual patient
factors and procedure, and adjusting
payments accordingly
Outlier protection Insurance for providers in which compensation
is on a fee-for-service basis for the highest
risk patients, after crossing a predetermined
cost threshold
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decompression and fusion. Factors consistently associated with
variations in episode costs included obesity, length of surgery,
number of levels or extent of surgery, surgical complications,
readmission, medical comorbidities such as MI or diabetes, and
post-hospitalization care.30-33 Figure 2 demonstrates this varia-
bility in cost for episodes of care in different procedures. Nota-
bly, Bronson et al published their Medicare claims data
associated with lumbar fusion after adoption of the BCPI pro-
gram. They failed to show cost savings using the model. How-
ever, the authors note that both case complexity and longer
segment fusions had increased in the BCPI group, confounding
the comparison with the historical control.34 Despite not
demonstrating savings, the BCPI group did have significantly
lower LOS and discharge to inpatient facilities without
increased readmission rates. In addition to patient factors, sur-
geon factors may also affect cost variation such as choice of
implant. In a recent study, by Oren et al, standardizing implant
cost by requiring vendors to meet reference prices, significant
cost savings were demonstrated in patients undergoing single
level anterior cervical discectomy and fusion.35 Understanding
the factors driving variability in spine surgery will be a key in
implementing a successful bundle payment system.
Aside from understanding drivers of cost variability and
incorporating them into payment models, it is important to
establish evidence based clinical pathways (EBCP) or bundled
care plan. EBCP include care built in after analysis of high
quality, large population data that may be applied to episodes
of care in the hopes of decreasing complications, reducing cost
variability, and improving outcomes. Examples of such path-
ways include measures against venous thromboembolism
(VTE),36 surgical site infection (SSI),37,38 and transfusion man-
agement.39 EBCP tend improve outcomes and cost efficiency
in patients by reducing modifiable risk factors. The evidence
that standardization works to reduce variation in costs and out-
comes was adopted from manufacturing concepts popularized
by Shewhart and Deming,40,41 but have been have been suc-
cessful in other surgical EBCP such as knee arthroplasty.42-44
To implement bundled payment systems, EBCP are essential to
reducing cost variability and generating data for smaller, less
experienced institutions to use in the care of spinal surgery
patients.
Lastly, to successfully implement a bundled payment spine
surgery model, development of infrastructure to collect insti-
tutional or system specific data is imperative. While large data-
bases are crucial in developing data driven spine practices that
are applicable to specific spinal surgery populations,16 institu-
tional or network specific database collection and distribution
are paramount to ensuring success in a bundled payment model
for spine surgery. This is because after each episode of care, the
stakeholders involved in the care of a patient may compare the
costs accumulated to the projected cost or contract of the epi-
sode. As this data accumulates, spinal surgeons will have the
opportunity to review their cost efficiency, complications, and
compare complications such as VTE, SSI, or reoperation to
particular episode of care’s projections. As seen in other surgi-
cal fields such as orthopedics, this educates surgeons on cost
and benefit of certain measures with regard to their individua-
lized practices.45
As institutional data on risk stratification, modifiable risk
factors, and ECBP accumulates in spinal surgery, surgeons will
be able to identify individual practices that do no mitigate risk
nor add patient benefit while still generating cost. These prac-
tices are non-value-added care and should be identified so they
may be avoided or reduced. This will improve implementation
of bundled payment model in spinal surgery.
Challenges
While bundled repayment models have upside in provider
accountability, cost efficiency, and standardization of care
there are large hurdles for implementation of this system in
spinal surgery.
Generally considered a costly intervention, bundled repay-
ment models may strain healthcare systems financially while
the process of repayment is optimized and better defined. In a
prospective payment model, a single entity receives the pay-
ment and must delay payment to all stakeholders until the cost
of the episode of care has been determined. Alternatively, pro-
viders in a retrospective model will not obtain full payment for
services until the episode is completed and final associated cost
is determined.
Given that these systems couple large financial risk with
surgeons and add delayed reimbursement to the uncertainty
may make delivering consistent care difficult. Outcome metrics
are not well defined and metrics in chronic back pain patients
such as patient satisfaction may play an unfair role in determin-
ing the quality of a surgeon’s work. In addition to timing and
quality assessment, ensuring accuracy of insurance billing will
be a large concern in spinal surgery. For a surgical specialty
with nuances altering indication, surgical approach, number of
levels, and outcome, it will require provider vigilance and
resources to ensure that payments applied to episodes of care
account for individualized risk and post-operative course.
In addition to payment allocation, a large concern with tran-
sitioning to bundle payment models includes modifying spine
Figure 2. Mean and ranges in cost of episode for common spine
procedures.22,23,24
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surgeons’ incentives. In some models, researchers found that
variability in cost was associated with post-acute care factors
rather than surgeon controlled variables.19 Such associations
may motivate surgeons to select patients by pathology or
anticipated disposition rather than evidence-based indication.
Until payment models are optimized, there is concern that these
models will financially compel surgeons to preferentially oper-
ate on low risk, healthier patients and avoid pathology associ-
ated with higher costs of episodes of care.29 In addition,
advanced techniques with only marginal improvement in out-
comes may be avoided given associations with increased cost
or length or surgery,46 this may lower costs in the near term but
could stifle innovation.
Bundle payment models in spinal surgery offer an alterna-
tive to fee-for service payments and may have potential bene-
fits for healthcare in the United States. Bundled care makes
spinal surgeons accountable for not only outcome, but also
episode cost efficiency and limitation of complications. While
this approach is not novel, it has not been fully implemented yet
in the United States. Despite success in arthroplasty, spinal
surgery has yet to demonstrate clear benefit of bundled pay-
ments in spine surgery the United States. Of 3 studies evaluat-
ing costs savings for episodes of care associated with spinal
surgery, none demonstrated cost reduction.26,34,47 In addition,
it is important to note that it is difficult to evaluate the effect
lowering perioperative cost on the context of overall health
care spending. To optimize this payment method, stringent risk
stratification, development of evidence-based pathways, and
dissemination of detailed outcome-based data must be imple-
mented. In addition, hospital systems must evaluate risk allo-
cation as repayment models are defined to avoid financially
incentivizing spinal surgeons to select for only healthy patient
with low risk pathology. While bundled care payment models
have not been clearly successfully implemented in spine sur-
gery in the United States, they warrant further investigation
given the success in cost reduction of bundled payments in
other specialties and countries.
Authors’ Note
The authors conducted a literature review with the goal of writing a
narrative review of bundled payment models in spine surgery. The
objectives were to provide readers with key definitions to understand
bundled payment models, outline strategies for success implementing
such a payment model, and defining challenges to implementing such
a system in spine surgery. Using PubMed, a literature review of arti-
cles pertaining to episodes of care, bundled payments, and drivers of
cost variability in spine surgery were reviewed. In review of the lit-
erature, bundled payment models offer potential cost savings and
quality improvement incentives in spine surgery. However, success-
fully implementing these models will be challenging given the varia-
bility and nuance inherent in spine diagnosis, pathology, and surgical
techniques.
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